High temperature series expansions of the spin-spin correlation function for the plane rotator (or XY) model on the sc lattice are extended by three terms through order β 17 . Tables of the expansion coefficients are reported for the correlation function spherical moments of order l = 0, 1, 2. Our analysis of the series leads to fairly accurate estimates of the critical parameters.
s(x) · s(x + e µ ).
(
Here s(x) is a two-component classical spin of unit length associated to the site with position vector x = n 1 e 1 + n 2 e 2 + n 3 e 3 = (n 1 , n 2 , n 3 ) of a 3-dimensional simple cubic lattice and e 1 , e 2 , e 3 are the elementary lattice vectors. The sum over x extends to all lattice sites. It has been rigorously proved that the model exhibits a ferromagnetic phase transition [ [5] ]. We present here series which extend by three terms, to order β 17 , the series of Ref.
[ [6] ]. They have been computed by a FORTRAN code which iteratively solves the Schwinger-Dyson equations for the correlation functions[ [7] ].
We have tabulated the HTE coefficients of the two-point correlation function
for all inequivalent sites x for which the expansion is non trivial to order β 17 . We have analyzed the series for the spherical moments of the correlation function m (l) (β) defined as follows:
(here |x| = n 2 1 + n 2 2 + n 2 3 ), l ≥ 0 and the sum extends over all lattice sites. The zeroth order spherical moment m (0) (β) is the (reduced) susceptibility and is also denoted by χ(β).
In Table I , we report the HTE coefficients of the spin-spin correlation function < s(0) · s(x) > with x = (1, 0, 0). In Tables II, III and IV we report the expansion coefficients for the moments m (l) (β) with l = 0, 1 and 2. Our analysis of this O(2) symmetric model parallels that of the corresponding series for the O(0) symmetric selfavoiding walk (s.a.w.) model and the O(1) symmetric Ising model on the s.c. lattice [ [9] ]. Using both first-order and second-order differential approximants, we first analyse the susceptibility series. We find that if the degree of the inhomogeneous polynomial is too low (≤ 3) the approximants cannot adequately accommodate the analytic background term. On the other hand if the degree of the inhomogeneous polynomial is too large (≥ 8), there are insufficient series terms to adequately represent the singular part of the series. For intermediate values of the degree of the inhomogeneous polynomial however, the approximants are stable, allowing the unbiased estimates β c = 0.45406 ± 0.00005, γ = 1.315 ± 0.009 to be made. The unbiased estimates from second-order approximants were more erratic, giving β c = 0.4541 ± 0.0001, γ = 1.32 ± 0.01. Biasing the approximants at β c = 0.45406 gave γ = 1.315 ± 0.005 and γ = 1.316 ± 0.005 from first-order and second-order approximants respectively. The results remain essentially unchanged using either the Fisher-Au Yang/Hunter-Baker definition (no regular singular point at the origin) or the Guttmann/Joyce definition of the DAs (a regular singular point at the origin), the difference being mostly in the dispersion of the data (in particular of the background), which is somewhat greater with the former definition.
A similar analysis of the first moment, m (1) (β) is less satisfactory. Most of the approximants are defective, but the few that are not are centred around a slightly lower temperature, β c = 0.4542 ± 0.0003, with exponent γ + ν = 2.00 ± 0.03. Biasing the approximants at β c = 0.45406 gives mainly defective approximants, slowly decreasing in value, so that we can only estimate γ + ν ≤ 2.00. The second correlation moment series m (2) (β) is somewhat better behaved, though, like the analogous s.a.w. and Ising series, unbiased approximants at first glance give a lower critical temperature than do the susceptibility series approximants, notably β c = 0.4542 ± 0.0002, and γ + 2ν = 2.69 ± 0.02. This behaviour of the series m (2) (β) was also noted for the Ising and s.a.w. model series [ [9] ]. It appears that longer series are needed for higher moments of the correlation function. Biasing the second-moment series at β c = 0.45406 gives γ + 2ν = 2.67, but this must be regarded as an upper bound as the sequence of estimates of γ + 2ν decreases with increasing numbers of terms -just as observed previously for the corresponding Ising series. While it is difficult to extrapolate this slowly declining sequence, the limit 2.66 +0.01 −0.02 is likely sufficiently conservative to include the correct value. In reaching this conclusion we have not only extrapolated this sequence, but have studied the behaviour of analogous sequences for the Ising and s.a.w. model, where we also have exact results for the two-dimensional models to guide us. If this estimate is accepted, we find from our earlier estimate of γ that ν = 0.67 ± 0.01.
We may also construct the series with coefficients c r = m (2) r /m (0) r and study its singularity at z = 1 which should have exponent 2ν +1. Then we get ν = 0.68±0.01, with again a decreasing sequence of exponent estimates, suggesting that ν is in fact a little lower.
In conclusion our estimates of γ are fairly precise and, as shown later, in good agreement with the Renormalization Group (RG) results. However our estimates of ν cannot yet compete either with the precision of the experimental data nor with the RG or Monte Carlo determinations, although they are perfectly compatible with both. This is probably due to the slow convergence of m (2) (β), and as noted above, has already been observed in the study of high order expansions for the SAW and Ising models [ [9] ]. Longer series are then required in order to make a more accurate analysis possible and in particulare to account properly for the confluent singularities.
Let us now briefly review previous high temperature series analyses, restricting our review to the sc lattice results. Bowers and Joyce [ [10] ], computed series to order β 8 and gave the following estimates: β c = 0.4530 ± 0.0016, and γ = 1.312 ± 0.006.
In Ref.
[ [11] ] the series were extended to order β 11 . The estimated inverse critical temperature was β c = 0.4539 ± 0.0013 and the corresponding estimates for γ and ν were γ = 1.32 ± 0.05 and ν = 0.675 ± 0.015. A comparison with our results shows that our central values for β c and γ are significantly lower and that the precision in our estimates has improved by a factor two.
Reliable Monte Carlo simulations with good statistical accuracy, on reasonably sized lattices, have become possible only recently after the invention of algorithms with reduced critical slowing down [ [12] ]. The largest accurately studied lattice is still only 64 3 sites large (present practical limits seem to be around 100 3 sites), which means that a very accurate treatment of finite size effects is required and that the estimate of systematic errors is very delicate. It thus appears that the RG results for γ are slightly smaller than the old HT and some of the new Monte Carlo estimates, but perfectly compatible with the results of our analysis, while our estimate of ν is compatible with, but less accurate than, the most recent RG results. 
